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mammals, the insertion of retrovira l DNAor the incor- 
poration of repeal arrays can nigger transcriptional 
silencing of die inserted sequences, usually via mecha- 
nisms that involve methyiation of DNA within regula- 
tory ngto >< Fungi and p s have similar \ ^ l 
rion -based systems arid also employ diverse 
post -transcriptional mechanisms to reduce ot elimi- 
nate the expression of alien transcription units, mech- 
anisms that operate even in orgaviisms that apparently 
lac:k. the capacity to raethylate their DNA. Given their 

o coin i other eukaryores. it i liked . 1 i 
post-transcriptional silencing mechanisms will be 
found to operate in mammals as well. 1 argue here that 
gene silencing mechanisms are diverse and efficient 
and ate likely to represent a barrier to many forms of 
gene therapy. For this reason, it will be necessary to 
develop gene therapy vectors that are both resistant to 
host ded i v i t n i 
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use of retroviral vectors m the construction of trans- 
genic tnoti.se strains. The fact that inicroin;ected DNA 
constructs give more predictable expression in trans- 
genic annuals than does infection with recombinant 
retroviruses demonstrates that cells have the ability to 
recognize and inactivate retroviral DNA (4). 

The mechanism of long-term trsiisctiptional silenc- 
ing of retroviral DN A involves methyiation of the 5 
position of tyrosines present within promoter ele- 
ments. DNA methyiation inhibits transcription large - 
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tern's such as histone deacetyiases (reviewed in ref S). 

i >wn that tetrovira R set tenet i t 

i iormally densely methylated, and that de novo methy- 
iation Oil newly integrated retroviral DNA is much 
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The existence oidyeoe silencing, the recognition and 
l! ut(\ uton o v v M - .alio c> i c in 

ref. 1), has only bee;; recently recognized as an addi- 
nona I i " t< \i\tv \» w v • ^.^ aie known 
;n which a. transferred gene undergoes a brief period of 
ex n 101 follow line to undetet s 

without the loss of the expression construct. Gene 
sdencing in mammals is likely to be more common 
h; curt ndy believe t 
mechanisms are diverse and still rathe;' poorly under- 
stood. Some of the more prominent forms" of gene 
alen< tng that are hi civ to. coorp; omne g> m ; herap\ 
studies are briefly described in this review. 
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it will be necessary to 
develop gene therapy 
vectors that are both 
resistant to host 
defensive measures and 

efficient In terms of 
delivery and expression. 



versible inhibit 
DNAmethyltran 

es. This finding sug- 

gests that tyrosine 

methyiation rather than position effects or other chrc 
matm-dependent effects is responsible for rertovsru 
silencing. It has been suggested that the cell recognize 
structural features diagnostic of retroviral integrant); 
intennediates a; d that t 5 re< ognidon c\ ent promote 
de novo metbviatton of local sequences (4). 
Palmer et ai. (8) found that, whereas culture. 
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long terminal repeats (LTRs), and that retroviral 



ase inhibitoi 
e inhibitor s 



chad only small effec 



EXHIBIT A 



on ADA activity. The author; 
cause of silencing, buc later w 
ten ectin promo 

ral LTRs permitted proloi 



rould not idenufy the 
rk showed that use of 
:r between the retrovi- 
;ed expression after 
. suggesting that the 



;ven in regions ofmodera 
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for purposes of gene therapy. 

TepeuonibmvGgeuc .v/ciang/ Seiker {reviewed in ref ! :.; 
noted that sequence duplications induced novo 
o toi • o ies i u . cycle of t e fang ; 
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appeared wuhm the duplicated sequences (the active 
mutation process thus far appears to be unique to AT. 
erased). Matzke and biartise medryiation and silencing 
of sequence duplications in tobacco plants (reviewed in 
tef P i i i \ c t til of 
vas erst < j > t > rhe level of expression 

some lines of transgenic mice 0 3). and Garrick et ak 
( I 4) sliowecl that a. repeat array upstream of a reporter 
gene m transgenic mice caused rnerhylation and silenw 
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tionai gene silencing ( (TGS) expression of high levels 
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tions of bod": hoinologotts endogenous rranscripts and 
sfthi ransgem 1 oded rui t p evievved in ref 16) 
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tect the organism from infection by exogenous viruses 
its eii In K v 3 1 on it o , , o ins o s is 
Hamilton and BauJoombe(17) shoved that a small anti- 
sense RNA of about 25 nucleotides accumulates in 
] i that :s undergoing PTGS and that this anti- 

ht provide target specificity to this RNA 
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RNA is produced by an RNA- 
merase, and that con tact betwe 
KNAs activates specific RNA dej 
transmissible to adjacent plant 
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which has no detectable modified bases in its DNA to the de$ 
(15). In plains a: id mammals, it appears, that long-term RNA. Inje 
transcriptional silencing of multicopy transgenes toaceliui 
depends on c\ t<< use mrrin , dtnough methyla- 
tionnndependent mechanisms may' exist as well. 
Repeat-induced gene silencing has clear relevance for 
any gene therapy approach that ;s likely to lead to the 
insertion of multicopy array's. 
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ed sequences depends on the nature of the construct, 
number of repeats, and site of integration in a manner 
thai is noryet possible to predict. DNA sequence features 
of the vector o; transgene may also influence the dura- complies 
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mutation m that gene. The recent finding ofWianny 
and Zt si' tz that ck I RNAca.n i 

used to inhibit expression of specific genes m mouse 
embryos provides the first direct evidence for RNA: 
mammalian cells (19). Given the ubiquity of PTGS in 
a -n 1 t i I sG t t i 

liar mechanisms will be found to interfere with rhe 
expression of foreign genes humans and that this may 
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